Energy Efficiency &

Monitoring for Saving

Use of Labs 21 tools and monitoring systems
in exploring energy savings opportunities in
aboratories, a case study

Rod Mahdavi, P.E. LEED AP
Lawrence Berkeley National Laboratory

September, 2013
D
Qe A\ ~

Frrerrfernr

//IZSE ‘
"~ International Institute B ERKELEY LAB
for Sustainable Laboratories

— | A
‘m




Goal: Energy-Efficient Laboratory  gNERGY |5 Eficiency &

Renewable Energy

Objectives: At the end of this session, after a brief review
of laboratory ventilation and HVAC basics you :

1. Become familiar with the benefits of use of benchmarking
and LEEP tools in discovering energy end use

2. Become familiar with benefits of the laboratory central
monitoring and control systems

3. Discovering EEMs in a case study

1. Optimize Ventilation (air change) Rates

Lower HVAC Fan-Energy Use

Lower cooling and heating with

Ventilation
445%,

make up air reduction

2. Minimize Simultaneous Heating Annual electricity use in Louis
Stokes Laboratory, National

Institutes of Health , Bethesda,
MD

and Cooling




Basic Lab HVAC System ENERGY | roncncole tnorgy
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Optimize Ventilation (AC) Rates  ENERGY | rencuable Eneray

What is the Minimum, Safe Air Ventilation Rate?

* Few codes but many standards

— Ventilation standards often expressed as a range (e.g. 4 to
12 air changes)

« According to IBC building codes:
— IBC B occupancy requires ventilation based on people
— IBC H-5 occupancy requires 1 cfm/sf of outside air.

« 1 cfm/sf translates to 6 air changes per hour (ACH)
with a 10 foot ceiling.




Optimize Ventilation Rate ENERGY | renovatio Eneray

Strategy 1: Apply occupied versus
unoccupied ventilation rates.
— Automate setback with control strategies.
— Zone proximity sensors
— Can be simple interlock with light switch.
— Sash stop

Strategy 2: Apply VAV exhaust
and supply.
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Recognize User Influence ENERGY | ronosatio Enony

® Users have great influence on
both safety and energy
efficiency.

® [or example, VAV exhaust
systems are useless when
operators do not use it as
intended; close sash when not
in use.

® Comprehensive and
reoccurring training is required.




S a.S h m an ag e m e nt EﬁFE”“REEFY Energy Efficiency &

Renewable Energy

SAVE ENERGY. BE SAFE.

SHUT THE SASH

Feed b a‘C k to u S erS If left open, your fume hood uses 3.5x the energy of a house! R\

Save up to 60% energy by closing the sash.

fu i‘,
ang
HMS, HSPH, FAS, HGCI

Training and education

 The stick
. THIS HOOD SASH WAS LEFT OPEN
The carrot OVERNIGHT.
Closing it would save $1,500 a year (enough to heat an
¢ AUtomated Sa’Sh man agement average home) and 10,600 pounds of CQO, emissions. “SAFE
. . A closed hood is al fer f d oth
 Occupied and unoccupied set O athelab, o
points (reset VelOCity set Please remember to shut the sash.
pOiﬂt) Thank you!
« Auto sash closure system Building Manager Date

Courtesy of Harvard Green Campus Initiative

Continuous improvement

« Follow up regularly

Courtesy of Allen
Doyle, UC Davis




Impact of Sash Management ..o | ey eficony &

Tral Ni ng ENERGY | renewable Energy

Impact of Sash Management Training on Airflow Ratio
Duke University Lab Module
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What is Simultaneous Heating and Cooling? ENERGY Energy Efficiency &

Renewable Energy

« Consider only one of many labs having a large, unanticipated,
heat-generating load.

« HVAC system will provide cooler air to satisfy this higher-
intensity lab.

» Consequently, all other lab spaces must be re-heated, after
airflow has been expensively cooled.
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.S. DEPARTMENT OF Energy Efﬂciency &

Simultaneous Heating and Cooling ENERGY

Renewable Energy

» Reheat (simultaneous heating and cooling) causes major energy
waste in labs

« Asingle high load lab zone requiring cooling can artificially create reheating loads
throughout remainder of laboratory...

Range of measured W/sf (15min Avg kW) in a university lab building
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Lab spaces

Courtesy of UC Davis
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System Alternatives to Minimize Reheat ENERGY

Renewable Energy

Separate ventilation from cooling to minimize reheat...
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Hoods in B15, efficiency opportunities

Open sash hood

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

canopy hoods,
seldom used

No sash

Courtesy of ETC



Percent of fume hood use in B15, minutes per day ENERGY Energy Efficiency &

Renewable Energy

Never
3%




LABS 21 Benchmarking Tool ENERGY | 5o Effciency &

Renewable Energy

LABS FOR THE 215T CENTURY

benchmarking

step two of four - enter facility name and year of data

step three of four - enter data for the facility

step four of four - review / edit entered data

Welcome rmahdavi
Organization - LBNL

Please select the following
Facility name : -

Year for which data is being entered 2002 -

Enter Facility Data...

Your Current Data:




U.S. DEPARTMENT OF Energy Efficiency &

LABS 21 Benchmarking Tool ENERGY | ronosatio Enony

General Facility Data

User rmahdavi
Organization LBNL
Facility Name

Year (for which this data applies) 2012
Street Address”

Location®

Zip Code (5 digit)’

Organization Type * Other -

Lab Use (most prevalent)* o Research/Development
Lab Type (most prevalent)” ﬂ Chemical -
Mumber of Buildings® 1

- Gross Area (sq. ft.)’ @ 200000



LABS 21 Benchmarking Tool ENERGY | 5o Effciency &

Renewable Energy

Whole Building Energy Use Data

{The Energy use and cost data enfered
in this section should include ALL
energy used by the building, including
district steam / hot water / chilled
water if applicable.

Enter O if not applicable)

More Information Measured / Estimated

Annual Electric Use (kWh)* @ 4200000 @

Peak Electric Demand (kW) 800 o @
Annual Matural Gas Use (Million BTU)"@ 35000 & @
Annual Fuel Oil Use (Million BTUY* @ 0 & @
Annual Other Fuel Use” @
(Million BTU) o °
Annual District Chilled Water Use® -
(Million BTU) o °

Annual District Hot Water Use® -
(Million BTU) o °

Annual District Steam Use® -
(Million BTU) o °

Annual Energy Utility Cost (3) 690000 &) @




U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

LABS 21 Benchmarking Tool

THE 21ST CENTURY

Lab Indoor Design Conditions

Occupied Cooling Setpoint (F) 72
Occupied Heating Setpoint (F) [

benchmarking

UMoccupied Cooling Setpoint (F) 70

UMoccupied Heating Setpoint (F) 68

P one of four - login Humidity Minimum (%RH) 20
o of four - enter facility name and year of data Humidity Maximum (%RH) a0

2p three of four - enter data for the facility

step four of four - review / edit entered data

High Performance Features

General Facility Data

HWVAC
VAV Fumehoods -

WVFD for Fans/Motors - yes

User rmahdavi High Efficiency Chiller Plant - High Efficiency Heating Plant -
Organization LBNL Thermal Energy Storage - Automated Control Systems -
Facility M UsSGS . . .
SEERVESaNS Energy Recovery - Low Pressure Air Distribution -
“ear (for which this data applies) 2012
Mo reheat - Others -
Street Address 345 middlefield rd Lighting

Location Menla Park. ca Day Lighting Systems - High Efficiency Lamps/Fixtures -
ZTD G SR Automated Controls - Others -
Organization Type Other

Lab Use (most prevalent)

ResearchDevelopment

Envelope

Lab Type (most prevalent) Chemical High Performance Glass - External Shading Devices -
Mumber of Buildings 1 Others -
Gross Area (s 200000
(=N Others

Lab Area (sf) 40000

% Biological 10 Facility uses CHP {Cogen) system Others -

% Chemical a0

% Physical 10 .

Additional Comments

% Other 0
Wivarium Area (sf) 0
Mumber of Fumehoods 100
Total linear feet of Fumehoods 360
Total occupancy hours per week 60 Edit Data For This Facility Benchmarking Analysis
Total Number of Occupants 180
“Year Built (or major reMovations) 1996

Is this an existing building?

Yes - Existing Building



LABS 21 Benchmarking Tool ENERGY | 5o Effciency &

Renewable Energy

THE 21ST CENTURY

Lab Indoor Design Conditions

benchmarking

Occupied Cooling Setpoint (F) 72
Occupied Heating Setpoint (F) [
UMoccupied Cooling Setpoint (F) 70
UMoccupied Heating Setpoint (F) 68
Humidity Minimum (%RH) 20
Humidity Maximum (%RH) 80

step four of four - re w [ edit entered data High Performance Features

Edit Data For This Facility m

Enter Data For Another Facility

Lab Type (most prevalent)
Mumber of Buildings
Gross Area (sf)
Lab Area (sf)

% Biological

% Chemical

% Physical

% Other
Wivarium Area (sf)
Mumber of Fumehoods
Total linear feet of Fumehoods
Total occupancy hours per week
Total Mumber of Occupants
“Year Built (or major reMovations)

Is this an existing building?

Chemical
1

200000
40000

10

a0

10

60

180
1996

Hign Fermormance (s1ass - External Snading Uevices -
Others -

Others

Facility uses CHP {Cogen) system Others -

Additional Comments

Edit Data For This Facility Benchmarking Analysis

Yes - Existing Building Enter Data For Another Facility



LABS 21 Benchmarking Tool ENERGY | 5o Effciency &

Renewable Energy

benchmarking

Choose Metrics and Filtering Criteria

More Information

User rmahdavi
Organization LBNL

Select metric:

System Cooling -
Energy / Efficiency Metric KWh/gsfyr -

Specify data filtering criteria:
1. Lab Area f Gross Area ratio ﬂ

is greater than or equal to 0.00 and is less than or equal to 1.00

2 Occupancy hours per week O
' Standard (=80 hours)
High (>80 hours)

R ' T T TR P § N (R




LABS 21 Benchmarking Tool ENERGY | 5o Effciency &

Renewable Energy

Cooling KWhi/gsf-yr

kHh/gsf—-yr
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o Facilities o
— Peer Facilities Awg == Lab Area
B Peer Facilites [estimated] B Peer Facilities [measured]
B ‘Your Facilities [measured]

Lak area ratio: 0.00-1.00 | Occupancy hours: Both
Lab type: Chemical, Biological, Physical
Lab uses: Research/iDevelopment
Climate Zones: 3C
Measured data: Yes Estimated data: Yes

| Benchmark Statistics for Peer Facilities

| Metric [ min | avg [ max | Count
| Cooling KWhigsfyr | 48 | 618 | 73 | 3

Click titles of columns below to sort
Drata for your facilities are highlighted | Estimated data are indicated in italics




LABS 21 Benchmarking Tool
Case Study ReSUItS ENERGY Renewable Energy

Energy Efficiency &
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Lab Energy Efficiency Profiling Tool ENERGY | Cnere Effiency &

Renewable Energy

N
%,ORATORY ENERGY EFFICIENCY PROFILER /’fr (" \\\-

ABOUT | FAQ | CONTACT | MY ACCOUNT
IDENTIFY POTENTIAL ENERGY EFFICIENCY OPPORTUNITIES IN YOUR LABORATORY

Username

LABORATORY ENERGY

EFFICIENCY PROFILER (LEEP) Password
helps users to quickly identify and
prioritize potential energy efficiency
actions in |aboratory facilities. It does not m
require users to have any specialized
knowledge of energy audits or analysis.
The tool inputs are the key
characteristics of the facility's ventilation,
heating, cooling and lighting systems as
well as plug and process equipment.
Based on these inputs, the tool provides
information on the relevance, impact, and
comparative cost of over 60 actions to
reduce energy use. These results can
then be used to help establish the scope
and priorities for more detailed energy
audits.

Reguest A User Account




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

.@ .A‘)RATORY ENERGY EFFICIENCY PROFILER 1‘" ‘\\\.

LOGOUT ABOUT | FAQ | CONTACT | MY ACCOUNT

Before you begin:
Have you benchmarked your facility?

It is recommended that you first benchmark your

facility before using LEEP. Benchmarking is the first

step in profiling energy use and allows you identify [C] Do not show this screen again
and prioritize facilities with the greatest overall

efficiency potential. This is especially useful if you

have a portfolio of facilities.




U.S. DEPARTMENT OF Energy Efficiency &
LabS 21 LEEP TOOl ENERGY Renewable Energy
@ .AVBORATORY ENERGY EFFICIENCY PROFILER L (". \\\-
LOGOUT @ .ABORATORY ENERGY EFFICIENCY PROFILER (" ‘\\\.

LOGOUT ABOUT | FAQL | CONTACT | MY ACCOUNT

Trpt

Click facility name to begin

Name Last Updated

2013-06-26

Add New Facility




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

@ .ABORATORY ENERGY EFFICIENCY PROFILER __ (" “-
LOGOUT ' ' >
@ .ABORATORY ENERGY EFFICIENCY PROFILER (" “.
F : .
LOGOUT ' ~
T Galact Facil BORATORY ENERGY EFFICIENCY PROFILER "] (‘ ‘\\‘\

LOGOUT ABOUT | FAQH | CONTACT | MY ACCOUNT
Click facility name t{ g Select'Facility elect Assessme e Input Facility Data Review Actions

USGS B15

Ventilation

=

Heating & Cooling

Process Loads

B =

Lighting

(>




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy
y ‘ABORATORY ENERGY EFFICIENCY PROFILER :__'

LOGOUT ABOUT | FAQ | CONTACT | MY ACCOUNT

Select Facility Select’ Assessment Scope ) cility D Rewview Actions

General | Ventilation | Heating & Cooling | Process & PlugLoads | Lighting
* Required
Street address

Location™

ZIP code (5 digit)*

Organization type® Government
Building gross area (gsf)* 200,000
Laboratory Area (nsf}* (Chemical and biological: "wet") 40,000
Occupied hours per week® 48

Year of construction”™ (or last major renovation) 1996

Climate zone® Climate maps (3C)Warm - Marine -
Lab use {most prevalent)* Research/Development -
Lab type (most prevalent)* Chemical -

Vivarium area (sq. ft.J* 0

Save and Continue




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

.@ .A‘)RATORY ENERGY EFFICIENCY PROFILER ( ‘____: (" \\\.

LOGOUT ABOUT | FAQ | CONTACT | MY ACCOUNT

Select Facility Select Assessment Scope [ Review Actions

General Ventilation Heating & Cooling Process & Plug Loads Lighting

Mo reguired fields. Leave blank or select Don't Know' if unkmowr.

Building ventilation system type Variable Air Volume (WAV) -

¥ Supply System

Peakimax. building supply airflow (CFM)

Peakimax. lab-only supply airflow (CFM)

Minimum lab-only supply airflow (CFM) 50,000

Supply total system pressure (T SP) drop (inches w.g.) o 4.0

What is the age of your oldest supply fan motor?(years) 15

Efficiency of fan motors nearing replacement (rating) Standard -

How many times each year are fan motor belts changed? (Enter zero for direct drive 0
fans)

Is there a temporary pre-filter remaining in the main AHU? Mo -

Main filter type Pleated -

Main filter pressure drop (inches w.g.) 1.0

Were the filters inspected within the last six months?

Have the supply air handling units been checked for airflow obstructions and
blockage?

Do the supply air handling units have noise attenuators?
Do the supply air handling units have acoustic lining?

Do the supply air handling units have mesh guards around the fan(s)?



Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

.@ .A‘)RATORY ENERGY EFFICIENCY PROFILER > (‘" \\\-
uT

C ABOUT | FAQ | CONTACT | MY ACCOUNT

elect Facility lect A : ) ope ! v D ew Actions

General Ventilation Heating & Cooling Process & Plug Loads Lighting
Mo required fields. Leave blank or select Don't Know' if wunfrnowrs.

¥Heating System

Is building heating from a district central system? MNo -
Number of boilers 2 -
Beoiler input capacity (MMBTUH) Boiler #1 20.0

Boiler # 20.0

Boiler output capacity (MMBTUH) Boiler #1  16.0
Boiler # 16.0

Boiler turn down ratio (X to 1}0 Boiler #1 10

Boiler #2 10
What is the age of the heating plant (years) 15.0
What is the age of the oldest heating hot water pump motors? (years) 15.0
Heating Hot Water pump motor efficiency? Standard -
Does the heating hot water distribution system have variable speed pumps? MNo -
Is there an energy recovery system between the supply air duct and the exhaust Mo -
air duct?

¥ Cooling System
Is building cooling from a district central system? MNo -

Number of chillers 2 -




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

@ .ABDRATDRY ENERGY EFFICIENCY PROFILER /7Y

LOGOUT ABOUT | FAQL | CONTACT | MY ACCOUNT

Select Facility Select Assessment Scope ut Fat Review Actions

General | Ventilation | Heating & Cooling | Process & Plug Loads || Lighting

No required fields. Leave blank or select Don't Know' if unknown.

Are there procedures to shutdown process equipment when not in use? Mo -

Are computers, monitors, and printers Energy Star rated? Mo v

Are there non-lab-grade refrigerators and freezers? Mo -

Are there dedicated rooms for refrigerators and freezers? Mo v

Are there centralized compressed air or vacuum pump systems? Yes -

Where are centralized air compressors and vacuum pumps located? Mechanicalroom  ~

Have compressed air and vacuum systems been checked for leaks within the last three years? No -

Number of lab spaces requiring compressed air or vacuum 10

Age of air compressor and vacuum pumps(years) 150

Is there a dedicated chiller for process cooling? Mo -

Is process chilled water temperature requirement within +10°F of air conditioning chilled water Yes v
temperature requirement?

., A

{f. Save and Continue .\:}




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

@ .ABDRATORY ENERGY EFFICIENCY PROFILER " _ (" “.

LOGOUT ABOUT | FAQ | CONTACT | MY ACCOUNT

Select Facility elec ut Facility D Review Actions

General Ventilation Heating & Cooling Process & Plug Loads Lighting

No required fields. Leave blank or select Don't Know' if unknown.

Laboratory lamp/ballast type T8/Electronic (>10yrs old) -
Fixture configuration in laboratory spaces Direct-Indirect v
Ceiling height in laboratory spaces (ft.) 10

Ceiling configuration in laboratory spaces Ceiling tiles v
Task illuminance level in laboratory spaces (footcandles) 40

Is there task lighting in the laboratory spaces? Mo -

Do laboratory spaces have exterior windows? Mo v

Is laboratory lighting controlled using occupancy sensors? Mo v
Percentage of unoccupied labs with lights left on 30

:::,- Save and Continue .\}

b, A




Labs 21 LEEP Tool ENERGY | 5o Eficiency &

Renewable Energy

BORATORY ENERGY EFFICIENCY PROFILER 7 <" \Q‘\\-

CT | MY A

elect Facility Select Assessment Scope Actio
Print Actions Report &=
High $$3
High @ Big@® Medium $% ® Mot applicable
Likelyo Medium @ Low $ ? Provide more information
Efficient O SmallQ  variable $-$%%
Actions Relevance Impact Cost More Information
YVentilation
QOptimize (reduce) lab exhaust . . B-353 Notes: Results based on minimum exhaust wentilation
pt. . ( } . rate greater than 1.2 CFMi=g ft of net lab area

ventilation rate to minimum. Caution: Ability to reduce exhaust rate dependent on
number of lab exhaust devices +Conversion from CW to
VAN expensive
Hext Steps: Review lab exhaust system and device
types for adjustment potential

Less &
Optimize (reduce) exhaust . . £ Hotes: Uses occcupancy of less than 160 hours
pt. . ( ) . . Caution: Ability to setback ventilation limited by AHJ +

ventilation rate to minimum during Ensure all stakeholders are included in setback scheme

unoccupied periods Next steps: Review action with AHJ for
appropriateness + Monitor building cperations to werify
occupancy pericds

Less &

Optimize (reduce) supply (@] & &

wventilation rate.
o i Notes: Are all lab exhaust devices used?
Optlmlze_(reduce} n!"lm.her or size D D Al Caution: Ability to alter wentilation devices limited by AHJ
of hoods i.e. decomission some + Inwvolve all stakeholders to determine atternatives
hoods. Next steps: Review action with AHJ for
appropriateness + Inventory lab device requirements +
Decommission unused/misused devices

Less 4

Install direct digital contral (DDC) ) & &

system.

Install variable volume fume O & ®

hoods.

Install low-flow fume hoods. & = &

Impro'v'e fume hood sash . . 5-35F Hotes: Resulis based more than 25% hoods open and
unocccupied

management. Caution: Ability to reduce exhaust rate dependent on
number and type of lab exhaust devices + Implementing
=ash management has a wide range of costs from
manuakby-user (lowest) to automatic (highest)
Hext steps: Inventory number, size & type lab hoods +
Begin with regular uzer =ash manaaogement trainino and




Labs 21 LEEP Tool ENERGY | o) Sfieency &

.& .A‘)RATORY ENERGY EFFICIENCY PROFILER 7 ;____ (" \\\-

ABOUT | FAQ | CONTACT | MY ACCOUNT

LOGOUT
L FUGRIUT LS 1SR

High $33
High @ Big®  Medium 53 & Mol applicable
Lkey©  meaum © Low$ 7 Provide more information
Efficient ) Small ) Variable 5-553

Actions Relevance Impact Cost More Information

¥Wentilation

- g.558 Notes; Resuts based on minimum axhaust ventistion
ﬂw,ml?e {HUH] IHI:!. exhast . . rate greater than 1.2 CFMisg ft of net lab area
ventilation rate to mimmum. Caution: Abifty to reduce exhaust rabe dependent an

numbser of lab exhaust devices +Conversion from CV i

VAV gxpengive
Mors... B

Install variable valume fume O ® &

hoods.

Install low-flow fume hoods. = ® &

||.|.||:,|.‘}‘l|..e furme hood sash . . 5-55% Notes: Results based more than 25% hoods open and
unoccupied

management. Caution: Ability to reduce exhaust rate dependent on

number and type of lab exhaust devices + Implementing
=ash management has a wide range of costs from
manuakby-user (lowest) to automatic (highest)

Next steps: Inventory number, size & type lab hoods +
Begin writh regular user sash management training and
rewards system + Determine effectiveness with BAS

Less 4




Monitoring and control system - Niagra

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

. Fire Alarm Stair 1 | Energy Dashboard | | BTU Meters |
Building 15
Fire Alarm Stair 2 [ 0A Temperature | | Gas Meters | | Water Meter |
Laboratory Airhandling Units
Manual Disable Supply Temp Intake (OA) Temp Cooling Yalve Heating Yalve Fan Status
AHU1 | @ Normal || 55.3 oF | 76.1 9F | 100.0 % | 0.0 % | Running Zones |
AHUZ | @ Normal || 54.5 oF | 76.1 °F | 43.2 % | 0.0 % | Running Zones |
AHU3 | @ normal | 56,2 oF | 76.1 oF | 100.0 % | 0.0 % | Running Zones |
AHU4 | @®normal || 56.9 OF | 76.1 °F | 100.0% | 0.0 % | Running Zones |
AHUS | @ Normal || 54.9 oF | 76.1 oF | 25,6 % | 0.0 % | Running Zones |
AHUG | @ Mormal | | 54.2 OF | 76.1 OF | 39,9 % | 0.0 % | Funning Zohnes |
Library Airhandling Unit =-
Occupied
Command Supply Temp Mixed Air Temp  Cooling ¥alve Heating ¥alve Fan Status
AHUT | @ true | 56.7 OF | 75.7 oF | 54.9 % | 0.0 % | Running Zones |
Boiler =- Chiller and Cooling Tower =- Exhaust Fans =-
: : - AHU1_2 System AHU3_4 System AHUS_E System
Boiler 1 Cond Enabled Chiller 1 Cmd Enabled CT1A Fan Running

Boiler 2 Cond Disabled
HWP 1 Status Running
HWP 2 Status Stopped

Boiler 1 Temp 176.0 °F

Boiler 2 Temp 132.7 °F

= = hyperlink: Hotspok for jurnping ko associated equiprment.

Chiller 2 Cmd Disabled CT1B Fan
CHWP 1 Staktus Stopped CWP 1 Status
CHWP 2 Skatus Running CWP 2 Status

CHWP 3 Skatus Stopped CWP 3 Status

Running
Running
Stopped

Stopped

EF 1

EF 2

EF 3

EF 4

Running
Running
Funning

Funning

EF 5 Running
EF & Running
EF T Running

EF & Running

EF 9 Funning
EF 10 Funning
EF 11 Funning

EF 12 Funning

ilad]
i

Water Temp 49,0 °F Water Temp

66,2 F

Miscellaneous Fans & BEF-26 =




U.S. DEPARTMENT OF Energy Efficiency &

Power and gas use reduction 2011 to 2012 ENERGY | renewabie Energy

KWh
500,000 -
450,000 -
400,000 A
350,000 -
200090 | Therms
250,000 - I m 2011
200,000 o I w2012 50,0600 -
150,000 - I :z,ggg -
100,000 - I ,
50,000 I 35,000 -
0 - 30,000 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 25,000 - w2011
20,000 - = 2012
15,000 o
10,000 -
5,000 -
0




U.S. DEPARTMENT OF Energy Efficiency &

Monitoring and Control Equipment ~ ENERGY | renowabie Enoray

VYHON

@"“g rg* BYTRIDIUM JACE-6

Courtesyy of TSI and Honeywell



B15 Typical Lab Control ENERGY | roverion Ercser

Reheat valve

Flow Station
3 places
Damper
Actuator
3 places
Pressure
Sensor =
Ry
Digital |
Interface / |
Module




VAV - Adaptive Control ENERGY | renonavie Enerty

Uncontrolled Uncontrolled
Supply Exhaust

Dual T f Dual Transfer
Controlled Supply (2) (Dual Transfer) ( )

(WVAV Box with coil) m m

o 2lah 4D

{airflow Station) (F )
Typical for
both SA Boxes
%] \ > To LRC

+
To LRC —(’t_?
I @)% C [~.[ Hood Exhaust >

™

To LRC Pawel

U A 2

LRC -

1/O Panel TaLRC

Fume Hood
ooo v
ooo To LRC
7 I\ Hood Exhaust >

LRC L [~ | Hood Exhaust >
LRC Display Pawer
TSI 8682 A c Fower

Type A2-2021-X2: anopy

Adaptive (A2) Hood « BACnet /¢ /&
(215848 (0)YGEX, (-20) To LRC Display

(2yHoods, (1) Canopy Hood (-21)
To LRC Display ——— = Fume Hood |FHC50
High/Low

Fower

. BACHet

Fower to
Xfrmr Actuators,
Panel peripherals

(Home runs)

FPower

Courtesy of WAM




VFDs installed, opportunity?

U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY Renewable Energy

Building 15 EF Identifier | EF1_2.3.4

Exhaust Fans

EF | Setpoints | VFDs
Duct Smoke ——
Marmal

|

~atatic Press. *-
1,95 infwic

-Calc. Static Setp
1.50 injfmc

Press. Setpnt Deviation
-High Alarm
Marmal
-Low Alarm
Marmal
Fumehood Flow Alarm
State ———
Marmal

Static Press.
1.51 injfnc

|
|

— —

__ .-

I

— —

__ .-

i

.-

Emergency 60 Hz Manual Disable
“ Marmal _‘ [ Enabled

Toka

A

-Exhaust Fan 1

Command Enabled

Feedback.
-Exhaust Fan 2

Command Enabled

VD 9l.6 %

Feedback. 54,90 Hz
-Exhaust Fan 3

Command Enabled

VD 9l.6 %

Feedback 55.30 Hz
-Exhaust Fan 4

Command Enabled

Feedback. 54,80 Hz




U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

VFDs installed, opportunity?

Building 15

AHU | Fan Setpoints

Tempetature Setpoinks

AL Identifier

AHUZ

AC Monitor

Freeze Alarm

Manual Disable
“ Maormal

|

Maormal

0,24 infwc

[Filter Press.

T

Supply Air Temperature Alarms

Low kemperature alarm

High temperature alarm

Maormal

Maormal

Duct Smoke ——

Low Limit Temp
“ Mormal

1

Pischarge Te
547 °F

“ Mormal

|
|

|

- -5AT Htg Setpt.— (Eff. Clg Setpt.— -supply Fan l* l*
S | 55.0°°F | 55.0°°F Command aminiilisiiin High Press. Sw— [Static Press. Av
Outside Air - - YED .
[ 554 OF -Heating ¥Yalve — -Cooling Yalve — w “ Mormal —‘ | 1.50 infe T
| 0.0% | 32.5% rStatic Press. Ra
"HW Coil LWT—— ChW Coil LWT—  -Supply Fan ¥FD 1.52 infic 7
| 1543 °F | =3.5°F Enabled RLIM -Calc. Static Setp
"HWST at Blr "ChWST at Chir—, Speed 39.50 Hz 18 e 1
| 1723°F | S0.2°F Status YES
-Heating Mode — -Cooling Mode — Faulk 0K
| Disabled | Enabled Frequency 1172.00 rpm
Amps 17.90 A Duck Pressure Alarms
Low pressure alarm Marmal
High pressure alarm Marmal




Reheat in all zones, almost ENERGY | 5o Eficiency &

Renewable Energy

Building 15 AH-1 VAY Summary

|WE5I: Pod Office Zone 5E|‘IEI:|I.I|E|

Flr 1 Office WaYs | Flr 2 Office Wavs | Flr 3 Office Wav's | Flr 1 Lab Zones |Flr 2 Lab 2 Flr 3 Lab Zones
Room & Zone Temp Current Setpoint /H/eating Yalve SA Flow Dampet EA Flow
M1033 | 70,50 °F | 71,00 °F X 47,00 % |\ 431,00 cfm | 37.00 % | 550,00 cfm
M1039_1039A_1037 | 71,00 °F | 71,00 °F / | 57,00 % | \?ES.DD cfrr | 0,00 % | 1130.00 cfrn
M1073 | 71,20 °F | 71,00 °F / | 40,00 % | \32.00 cfm | 29,00 % | 193,00 cfm
M1075 | 73,30 °F | 71,00 °F / | 0,00 % | 3\39.00 cf | 44,00 % | 398,00 cfm
M1110 | 70,90 °F | 71,00 °F/ | 42,00 % | 11\n.|:u:| cf | 28,00 % | 166,00 cfm
M1112 | 71,20 °F | 71,00 °F | 46,00 % | EEF.DD cf | 0,00 % | 1101.00 cfr
M1114 | 71 NN oF | 71 NN oF | A mn s | Cok 1N ~Fra | (= | =t | 1271 NN ~Fra
Building 15 AH-2 VAV Summary
Fir 1 Office YaYs [Fir 2 Office YaWs [Fir 3 OFfice Yavs [ Fir 1 Lab Zanes [Fir 2 Lab Zones [Fir 3 Lab Zones |west Pod Office Zone Schedule
Room # Zone Temp  Current Eel.l':mint Heating ¥alve ﬁL Flow Damper EA Flow
M2021_20214 | 71,30 °F | 71.00 °F\ | 24,00 % | 275.00 cfrm | 25,00 % | 274,00 cfm
M2025 | 71,00 °F | 71.00 °F\ | 62,00 % | 4/1:3.|:u:| cfm | 17.00 % | 566,00 cfm
MZ061 | 70,50 °F | 71,00 °F \ | 39,00 % | /IEIE.EIEI cfrm | 22,00 % | 166.00 cfrm
M2063 | 71.20 °F | 71.00 °F \ | 39,00 % | 255,00 cfm | 24,00 % | 318.00 cfm
MZ065 | 70,80 °F | 71,00 °F \l 35,00 % V 171,00 cfm | 18,00 % | 228,00 cfm
MZ2067A | 70,80 °F | 71.00 °F | 0.00 % | 174.00 cFrn | 28,00 % | 176.00 cFrm




Cost of

Energy Efficiency &

I'e h e at EN ERGY Renewable Energy

OA Temp

degF

100
90
80
70
60
50
40
30
20

10

Utility Cost

$/hr

45

/0///\ N

/ / ~_

/ N\« |30
“EW/ —— .

/

/ s

AT N

5/2/13  5/2/13  5/2/13  5/2/13  5/2/13  5/2/13  5/2/13  5/2/13
8:00 AM 9:00 AM 10:00 AM11:00 AM12:00 PM 1:00PM 2:00PM 3:00PM

=0—0A, degF

== Ave SAT. degF
$cooling cost/hr

= $heating cost/hr

=>=S$Total cost/hr




Monitoring few others... ENERGY | rocrti bnars

Building 15 Chiller
Qutside | 51.0 °F CHW Syskern Enable krue Supply temp. i Return

temperature
= OAT lockout setpoint < 58.0 °F ‘| 57.1 °F RS
hilled water Flow raw

- p | B7.LF
Chiller Loading | . 3
1630 gal/min [ Chiller Load | OF LR Chiller 1

Tchilled waker Flawe avg, e— F=r
| 'y H1 calc Flow

s et Chilled Water Pump 2 0.06 psl

EERTERE Dicahbled 107 galfmin Chiller DP

Speed Command 0.0 % CHZ calc Flow Chiller command Disabled

WED Actual 0.00 Hz 1651 gal/min CHWST setpoint reset 52,3 oF

| 52.3

Supply setpoink Skatus Stopped chillet alarmn Marrmnal
| Close Safeties
Return temperature a_ 4% Isolation Yalve Refrigerant Alarm Marmal
1 -1 1 —
3.1 9F [ TG Chlr Room Shutdown Mormal
Chilled Water Pump 3 | ——————
. d £ Disabled Close Emergency Vent Stopped
amman isable . —
Lol i EF27 Status RUNNING CW Return
o Rooftop at AH-1, 2 Speed Command 0.0 % temnperature

Bypass walve f WFD Ackual 0.00 Hz

| 0.0 % Status Stopped Supply temp.
:! | 52,5 °F

| 6.9 OF

| S S, o 2
| ECL Chilled waater DP Chilled Water Pump Chiller CP

) 9.62 psi Carnmand Enahbled

av. 9,69 psi Speed Command 6.5 % Calc. Flow Alarm —— Chiller command Enahled
rﬂ" =l = “: YFD Actual ~—S8.10Hz " | |Chiler1 [ mMormal CHWST setpoint resst 52.3 °F
J Setpt. [ 10.00psi g Status RUANINg Chiller 2 Marmal Chiller alarm Mormal




..and few more... ENERGY | Eneroy Effciency &

Renewable Energy

Building 15 Chiller

Chiller | Chiller Setpoints | Cooling Towers | Tower Setpoinks | ChwP YFDs | ChWP Setpoints

£7.7 OF retuEnH;:lem Intaks kemp. CHW System Enable Erue
B Dukside air temperature 62,3 °F
g A T ' T CT1A I g
;n Chiler1 ] B | ]j CHialLso S
Q. .. |
-Condenser Water Pump1——————  ° IT
Command Disabled s
Bywpass valve
Status Stopped
f— i
rManual ! Open
I=zolation VYalve ik el e CT1E Iso
'| — R walve cmd
@ . | Marrnal
s Condenser Water Pump 3——— 'I 3 Wi
reburn temp, Command Dizabled
T Status Stopped Tower Fan CT1A
' Lows speed command Enabled
Manual Low speed status Funning
-’» _;:'.4 | Isolation Valve High speed command Disabled
To Chiller 2 =) o High speed status Stopped
\ 2 0 K
Condenser Water Pump 2 Tower Fan LT1B
Command Enabled Low speed command Enabled
Stabis RUNNING Discharge termp. Low speed stakus Running
High speed command Disabled
High speed status Stopped




Current and potential utility cost

.S. DEPARTMENT OF Energy Efficiency &

uU.s
EN ERGY Renewable Energy

$300,000 -

$250,000 -

$200,000 -

$150,000 -

$100,000 -

$50,000 -

$0

Total saving of
$110,000-$180,000
Just by:

*Optimize Ventilation
‘Minimize Reheat

m Baseline Cost

m Potential Cost




. rmahdavi@lbl.gov
M e 510.495.2259
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